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© Reactor for catalytic processes. 

© A reactor for catalytic processes comprising a 
vessel (1) provided at its upper end with a catalyst 
inlet (2) and a reactant inlet (3) and at its lower end 
with a catalyst outlet (4) and an effluent outlet (5), 
the vessel (1) contains a redistribution device (8) 
which comprises fluid exchange boxes (9) protruding 
^ radially from the wall of the vessel, each fluid ex- 
r% change box (9) having a top cover (11), vertical side 
00 walls provided with a screen (16) preventing catalyst 
from passing and an end wall (18) having a lower 
^1 opening (19), catalyst passages defined by the side 
® walls of adjacent fluid exchange boxes (9) which 
catalyst passages are closed at their inner ends, a 
O central chamber (25) defined by the end walls (18) 
q of the fluid exchange boxes (9) provided with a top 
LU cover (26), and a fluid distributor (28) arranged at the 
lower end of the redistribution device (8), wherein 
the fluid distributor comprises a distribution tray (30) 



in the central chamber (25) and distribution plates in 
the fluid exchange boxes (9) arranged under the 
lower openings (19). 
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The present invention relates to a reactor for 
catalytic processes comprising a normally vertical 
cylindrical vessel provided, at its upper end with a 
catalyst inlet and a reactant inlet and at its lower 
end with a catalyst outlet and an effluent outlet, the 
vessel contains a redistribution device. 

The reactor is suitably used for catalytically 
treating hydrocarbons, in particular catalytic desul- 
phurization and demetallization of petroleum resi- 
dues. In general these processes are carried out at 
elevated pressures and temperatures. 

A reactor for catalytic processes is described 
in USA patent specification No. 4 568 523. In the 
know reactor for catalytic processes the redistribu- 
tion device includes a plurality of interconnected 
downwardly converging frustoconical surfaces hav- 
ing their lower ends connected to spaced apart 
vertical outlet channels having circumferential walls 
provided with circumferential screens allowing ef- 
fluent to enter into a collection zone, and a distribu- 
tion tray arranged at the lower end of the collection 
zone through which the vertical outlet channels 
extend. The vessel further includes an outlet for 
secondary fluid opening above the distribution tray. 

It is an object of the present invention to pro- 
vide reactor for catalytic processes with a simpler 
redistribution device. 

To this end the reactor for catalytic processes 
according to the present invention . comprises a 
normally vertical cylindrical vessel provided at its 
upper end with a catalyst inlet and a reactant inlet 
and at its lower end with a catalyst outlet and an 
effluent outlet, the vessel contains a redistribution 
device, which redistribution device comprises fluid 
exchange boxes protruding radially from the wall of 
the vessel, each fluid exchange box having a top 
cover, vertical side walls at least one of which 
being provided with means for preventing catalyst 
particles from passing and an end wall having at 
least one lower opening, catalyst passages defined 
by the side walls of adjacent fluid exchange boxes 
which catalyst passages are closed at their inner 
ends, a central chamber defined by the end walls 
of the fluid exchange boxes provided with a top 
cover, and a fluid distributor arranged at the lower 
end of the redistribution device, wherein the fluid 
distributor comprises a distribution tray in the cen- 
tral chamber and distribution plates in the fluid 
exchange boxes arranged under the lower open- 
ings. 

An advantage of the redistribution device in the 
reactor for catalytic processes of the present inven- 
tion is that the redistribution device is less affected 
by thermal stresses. A further advantage is that it 
can easily be assembled inside the vessel. 

Suitable the vessel further includes means for 
supplying secondary fluid into at least one of the 
boxes or into the central chamber. 



)2 287A1 2 

The invention will now be described by way of 
example in more detail with reference to the ac- 
companying drawings, wherein 

Figure 1 shows schematically a side view of the 
5 reactor for catalytic processes according to the 

present invention; 

Figure 2 shows schematically part of a longitudi- 
nal section of the reactor for catalytic processes 
of Figure 1 drawn to a different scale; 
to Figure 3 shows cross-sections of the reactors 

for catalytic processes of Figure 2, 4 and 5 
along the line Ill-Ill; 

Figure 4 shows schematically part of a longitudi- 
nal section of an alternative embodiment of the 
75 present invention; and 

Figure 5 shows schematically part of a longitudi- 
nal section of a further alternative embodiment 
of the present invention. 
Reference is now made to Figures 1 , 2 and 3. 
20 The reactor for catalytic processes according to the 
present invention comprises a normally vertical cy- 
lindrical vessel 1. The vessel 1 is provided at its 
upper end with a catalyst inlet 2 and a reactant 
inlet 3 and at its lower end with a catalyst outlet 4 
25 and an effluent outlet 5. 

The vessel 1 is during normal operation filled 
with catalyst particles arranged in an upper catalyst 
bed 6 and a lower catalyst bed 7. The lower 
catalyst bed is supported by suitable means (not 
30 shown). 

Between the two catalyst beds 6 and 7 is 
arranged a redistribution device 8. The redistribu- 
tion device 8 comprises twelve fluid exchange 
boxes 9 protruding radially from the wall of the 
35 vessel 1. 

Each fluid exchange box 9 has a top cover 1 1 , 
two vertical side walls 13 provided with means for 
preventing catalyst particles form passing in the 
form of screen 16 and an end wall 18 having a 
40 lower opening 19. 

The vertical side walls 13 of adjacent fluid 
exchange boxes 9 define catalyst passages 21. 
The end walls 18 of the fluid exchange boxes 
define a central chamber 25, which central cham- 
ps ber 25 is provided with a top cover 26. 

The redistribution device 8 further includes a 
fluid distributor 28 arranged at the lower end of the 
redistribution device 8, which fluid distributor 28 
comprises a distribution tray 30 arranged in the 
50 central chamber 25 and distribution plates 32 ar- 
ranged in the fluid exchange boxes 9. The distribu- 
tion tray 30 and the distribution plates 32 are 
arranged under the lower openings 19. The dis- 
tribution tray 30 and the distribution plates 32 are 
55 provided with openings 33 for the passage of liquid 
and gas; for the sake of clarity not all openings 
have been referred to by a reference numeral. 
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The vessel 1 further includes means for sup- 
plying secondary fluid into the fluid exchange 
boxes 9 in the form of conduits 35. 

To prevent, during normal operation, catalyst 
particles from entering into the central chamber 25, 
the redistribution device 8 further includes a tube 

38 which closes the catalyst passages 21 at their 
inner ends. The tube 38 is provided with openings 

39 near the lower openings 19. The tube 38 and 
the top cover 26 are removably arranged in the 
redistribution device 9, and the tube 39 is joined to 
the top cover 26 to allow removing the tube 38 
together with the top cover 39. For the sake of 
clarity the tolerance between the tube 38 and the 
end walls 18 of the fluid exchange boxes has been 
exaggerated in the Figures. 

During normal operation the vessel 1 is filled 
with catalyst particles which are allowed to enter 
the vessel through catalyst inlet 2. The catalyst 
particles are arranged in the two catalyst beds 6 
and 7 which beds are connected by the catalyst 
passages 21 which are also filled with catalyst 
particles. The lower catalyst bed 7 is supported by 
a suitable catalyst support (not shown) which al- 
lows effluent to leave the bed and retains the 
catalyst particles. 

Reactant(s) is. (are) supplied to the upper cata- 
lyst bed 6 through the reactant inlet 3. In the 
catalyst bed 6 the reaction starts and product(s) is 
(are) formed from the reactant(s). The reactant(s) 
and the formed product(s) move downwardly 
through the upper catalyst bed 6, via the redistribu- 
tion device 8 and through the lower catalyst bed 7, 
where the reaction continues. The effluent leaves 
the vessel 1 through the effluent outlet 5. 

As the mixture of reactant(s) and formed 
product(s) passes downwards through a catalyst 
bed the amount of reactant(s) decreases and the 
amount of product(s) increases, moreover the fur- 
ther the mixture has passed into the catalyst bed 
the more uneven the distribution of the compo- 
nents in the mixture becomes. Thus the mixture of 
reactant(s) and formed product(s) in the last part of 
the upper catalyst bed 6 is not a homogeneous 
mixture. This uneven distribution of components 
has a detrimental effect on the operation of the 
reactor for catalytic processes as for example hot 
spots may occur. It even more detrimental to pass 
this inhomogeneous mixture to the lower catalyst 
bed 7 as the already uneven distribution becomes 
even more uneven. It is a purpose of the redistribu- 
tion device 8 to homogenize the fluids from the 
upper catalyst bed 6 and to pass a homogenized 
mixture of reactant(s) and formed product(s) to the 
lower catalyst bed 7. Furthermore in the redistribu- 
tion device 8 a secondary fluid can be supplied to 
the mixture. 



A major part of the mixture of reactant(s) and 
formed product(s) flows out of the catalyst pas- 
sages 21 through the screens 16 into the fluid 
exchange boxes 9. Secondary fluid is supplied to 

5 the fluid exchange boxes, through conduits 35, 
where it mixes with the mixture in the fluid ex- 
change boxes 9. The secondary fluid can be addi- 
tional reactant or an inert medium, the secondary 
fluid can be a cold fluid so as to cool the fluids in 

io the reactor for catalytic processes when the reac- 
tion is exotherm or it can be a hot fluid to raise the 
temperature of the mixture when the reaction is 
endotherm. 

Part of the mixture flows through the lower 

75 openings 19 and openings 39 into the central 
chamber 25. The mixture leaves the redistribution 
device 8 via the fluid distributor 28 comprising the 
distribution tray 30 arranged in the central chamber 
25 and the distribution plates 32 arranged in the 

20 fluid exchange boxes 9. 

A homogenized mixture is supplied to the low- 
er catalyst bed 7. The effluent from the lower 
catalyst bed 7 is removed from the vessel 1 
through the effluent outlet 5. 

25 Reference is now made to Figure 4 showing an 

alternative embodiment of the present invention. 
Elements that have been discussed with reference 
to Figures 1-3 have got the same reference nu- 
merals and will not be discussed here. 

30 The means for supplying secondary fluid con- 

sists of an outlet in the form of fluid distributor 40 
provided with several nozzles 41 arranged in the 
central chamber 25. Fluid is supplied to the fluid 
distributor 40 via conduit 44. 

35 Each fluid exchange box 9 includes an upper 

part 46 and a lower part 47 separated by a separa- 
tion plate 49 arranged above the lower openings 19 
and below the screens 16, and wherein the upper 
part of each fluid exchange box 9 has a fluid outlet 

40 50. To enable fluid communication the tube 38 is 
provided with openings 53 near the fluid outlets 50. 

During norma! operation a major part of the 
mixture of reactant(s) and product(s) passes 
through the screens 16 into the upper parts 46 of 

45 the fluid exchange boxes 9. The mixture passes to 
the central chamber 25 via the fluid outlets 50 and 
the openings 53. In the central chamber 25 the 
mixture is mixed with secondary fluid from the fluid 
distributor 40. 

so Part of the mixture flows through the lower 

openings 39 and lower openings 19 out of the 
central chamber 25 into the lower parts 47 of the 
fluid exchange boxes 9. The mixture leaves the 
redistribution device 8 via the fluid distributor 28 

55 comprising the distribution tray 30 arranged in the 
central chamber 25 and the distribution plates 32 
arranged in the fluid exchange boxes 9. 
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Reference is made to Figure 5 showing a fur- 
ther alternative embodiment of the invention 
wherein the means for supplying secondary fluid 
consists of a single conduit 35 debouching in a 
single fluid exchange box 9. Elements that have 
been discussed with reference to the previous Fig- 
ures have got the same reference numerals and 
will not be discussed here. 

During normal operation a major part of the 
mixture of reactant(s) and product(s) passes 
through the screens 16 into the upper parts 46 of 
the fluid exchange boxes 9. In one of the fluid 
exchange boxes 9 the mixture is mixed with secon- 
dary fluid supplied through conduit 35. Fluid leaves 
the fluid exchange boxes through fluid outlets 50 
and flows through openings 53 into the central 
chamber 25. 

The fluid is mixed in the central chamber 25. 
Part of the mixture flows through the lower open- 
ings 39 and lower openings 19 out of the central 
chamber 25 into the lower parts 47 of the fluid 
exchange boxes 9. The mixture leaves the redis- 
tribution device 8 via the fluid distributor 28 com- 
prising the distribution tray 30 arranged in the 
central chamber 25 and the distribution plates 32 
arranged in the fluid exchange boxes 9. 

To improve mixing of the secondary fluid sup- 
plied to one fluid exchange box 9 with the mixture 
entering into all fluid exchange boxes 9, the central 
chamber 25 is- provided with a mixing device 60. 
The fluid outlets 50 of the upper parts 46 of the 
fluid exchange boxes 9 open via openings 53 on 
the mixing device 60. 

The mixing device 60 comprises a tray 62 with 
a central opening 63 and a tube 64 provided with 
structured packing 65 arranged in the central open- 
ing 63. Mixing takes place in the tube 64. 

During normal operation the fluid is mixed in 
the tube 64 of the mixing device 60, which tube 64 
is provided with structured packing 65. 

The mixing device in the central passage 25 
can be applied with the same effect in the embodi- 
ment as shown in Figure 4 wherein the secondary 
fluid is supplied via fluid distributor 40 into the 
central chamber 25. In addition, the mixing device 
in the central passage 25 together with the fluid 
exchange boxes divided in an upper part and in a 
lower part can be applied with the same effect in 
the embodiment as shown in Figure 2 wherein the 
secondary fluid is supplied to all fluid exchange 
boxes 9. 

So far the reactor for catalytic processes has 
been described as a reactor for catalytic processes 
in which the catalysts beds are static. In this em- 
bodiment the top covers 11 of the fluid exchange 
boxes 9 and the top cover 26 of the central pas- 
sage 25 are flat. The reactor for catalytic pro- 
cesses, however, can also be operated as a mov- 



ing catalyst bed reactor wherein during normal 
operation an amount of spent catalyst is removed 
from the lower catalyst bed 7 through catalyst 
outlet 4 and an equal amount of fresh catalyst is 

5 supplied to the upper catalyst bed 6 through cata- 
lyst inlet 2. When catalyst is removed from the 
lower catalyst bed 7, catalyst in the catalyst pas- 
sages 21 between adjacent fluid exchange boxes 9 
moves downwards to fill-up the upper part of the 

70 lower catalyst bed 7, and catalyst from the upper 
catalyst bed 6 enters into the catalyst passages 21. 
To facilitate catalyst entering into the catalyst pas- 
sages 21 the top cover 26 of the central chamber 
25 has a conical shape, and the top covers 1 1 of 

75 the fluid exchange boxes 9 consists of two inclined 
walls joined by a seam. Suitably the catalyst pas- 
sages 21 have a constant width. 

The operation of the reactor for catalytic pro- 
cesses as a moving catalyst bed reactor only dif- 

20 fers from the operation of the reactor for catalytic 
processes as described with reference to the Fig- 
ures in that the catalyst is intermittently or con- 
stantly refreshed, wherein used or spent catalyst is 
withdrawn through catalyst outlet 4 and fresh cata- 

25 lyst is supplied through catalyst inlet 2. 

The fluid exchange boxes 9 can be secured to 
the wall of the vessel 1, alternatively the fluid 
exchange boxes have back walls and are sus- 
pended from the wall. 

30 The number of fluid exchange boxes is suitably 

an even number between 10 and 20. 

In the openings 33 in the distribution tray 30 
and in the distribution plates 32 small pipes can be 
arranged which extend to above the distribution 

35 tray and the distribution plates to improve the dis- 
persion of liquid flowing downwards through the 
fluid distributor 28, the pipes extend to above the 
lower openings 39 to provide a sufficient hold-up. 
The fluid can be a liquid or it can be a mixture 

40 of liquid and gas. In case the fluid is a mixture of 
liquid and gas flow of gas has to be ensured. To 
allow flow of gas between the central chamber 25 
and the fluid exchange boxes 9, the fluid exchange 
boxes 9 are provided with secondary lower open- 

45 ings 70 and the tube 38 is provided with cor- 
responding openings 71 (see Figure 2). It will be 
understood that the secondary lower openings can 
be applied with the same effect in the embodi- 
ments of Figures 4 and 5. It will furthermore be 

so evident that in case a mixing device is arranged in 
the central chamber, such mixing device is ar- 
ranged above the secondary lower openings, and 
that in case the fluid exchange box includes an 
upper part and a lower part separated by a separa- 

55 tion plate, the separation plates located above the 
secondary openings. 

Reference is made to Figure 4, when the level 
of liquid on the separation plate 49 is above the 
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fluid outlets 50, gas flow through the fluid outlets 
50 is hindered. To allow gas flow, into the central 
chamber 25, the upper parts 46 of the fluid ex- 
change boxes 9 are provided with secondary fluid 
outlets 74 and the tube 38 is provided with cor- 
responding openings 75. It will be understood that 
the secondary fluid outlets can be applied with the 
same effect in the embodiment of Figure 5. 

When it is not require to add secondary fluid, 
the vessel is not provided with the conduits 35 or 
with the fluid distributor 40. 

When the reactor for catalytic processes ac- 
cording to the present invention is used for a 
moving catalyst bed, the reactor can suitably be 
provided with a separation device as described in 
Applicant's co-pending patent application which 
has been filed on the same date (Applicant's refer- 
ence T 9032 EPC). 

Claims 

1. A reactor for catalytic processes comprising a 
normally vertical cylindrical vessel provided at its 
upper end with a catalyst inlet and a reactant inlet 
and at its lower end with a catalyst outlet and an 
effluent outlet, the vessel contains a redistribution 
device, which redistribution device comprises fluid 
exchange boxes protruding radially from the wall of 
the vessel, each fluid exchange box having a top 
cover, vertical side walls at least one of which 
being provided with a means for preventing cata- 
lyst particles from passing and an end wall having 
at least one lower opening, catalyst passages de- 
fined by the side walls of adjacent fluid exchange 
boxes which catalyst passages are closed at their 
inner ends, a central chamber defined by the end 
walls of the fluid exchange boxes provided with a 
top cover, and a fluid distributor arranged at the 
lower end of the redistribution device, wherein the 
fluid distributor comprises a distribution tray in the 
central chamber and distribution plates in the fluid 
exchange boxes arranged under the lower open- 
ings. 

2. Reactor for catalytic processes according to 
claim 1 , wherein the vessel further includes means 
for supplying secondary fluid into at least one of 
the boxes or into the central chamber. 

3. Reactor for catalytic processes according to 
claim 2, wherein the means for supplying secon- 
dary fluid consists of supply conduit provided with 
an outlet arranged in the central chamber, wherein 
each fluid exchange box includes an upper part 
and a lower part separated by a separation plate 
arranged above the lower opening(s), and wherein 
the upper part of each fluid exchange box has at 
least one fluid outlet. 

4. Reactor for catalytic processes according to 
claim 3, wherein the central chamber is provided 



with a mixing device arranged between the fluid 
outlets and the lower openings. 

5. Reactor for catalytic processes according to 
claim 2, wherein the means for supplying secon- 

5 dary fluid consists of supply conduit(s) debouching 
into the upper part(s) of one or more fluid ex- 
change box(es), wherein each fluid exchange box 
includes a lower part separated from the upper part 
by a separation plate arranged above the lower 

io opening(s). and wherein the upper part of each 
fluid exchange box has at least one fluid outlet. 

6. Reactor for catalytic processes according to 
claim 5, wherein the central chamber is provided 
with a mixing device arranged between the fluid 

75 outlets and the lower openings. 

7. Reactor for catalytic processes according to 
. claim 2, wherein the means for supplying secon- 
dary fluid consists of supply conduits debouching 
into the upper parts of all fluid exchange boxes. 

20 8. Reactor for catalytic processes according to 
claim 7, wherein each fluid exchange box includes 
a lower part separated from the upper part by a 
separation plate arranged above the lower opening- 
(s), wherein the upper part of each fluid exchange 

25 box has at least one fluid outlet, and wherein the 
central chamber is provided with a mixing device 
arranged between the fluid outlets and the lower 
openings. 

8. Reactor for catalytic processes according to 
30 anyone of the claims 4, 6 and 8, wherein the 

mixing device comprises a tray with a central 
opening and a tube provided with structured pack- 
ing arranged in the central opening. 

9. Reactor for catalytic processes according to 
35 anyone of the claims 1-8, wherein the top cover of 

the central chamber has a conical shape. 

10. Reactor for catalytic processes according to 
anyone of the claims 1 -9, wherein the top cover of 
a fluid exchange box consists of two inclined walls. 
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